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Resumen
6H SUHVHQWDQ ORV UHVXOWDGRV GHO DQiOLVLV GH
IDFWLELOLGDGGHPH]FODVDVIiOWLFDVGHDOWRPyGXOR
0$0 FRQ DJUHJDGRV SpWUHRV SURYHQLHQWHV
GH GRV FDQWHUDV GHO iUHD GH LQÀXHQFLD GH
7XQMD \ DVIDOWR PRGL¿FDGR FRQ SROtPHURV WLSR
9 /DV PHWRGRORJtDV GH GLVHxR HPSOHDGDV
SDUD GHWHUPLQDU OD IyUPXOD GH WUDEDMR IXHURQ
0DUVKDOO \ 5DPFRGHV HO PyGXOR GLQiPLFR
GH ODV UHVSHFWLYDV PH]FODV VH GHWHUPLQy SRU
medio del ensayo de tracción indirecta en el 
HTXLSRNottingham Asphalt Tester±1$7±/RV
UHVXOWDGRVPRVWUDURQTXH ODVPH]FODVGLVHxDGDV
WLHQHQ DOWRV YDORUHV GH ÀXMR OR TXH LQGLFD TXH
VH GHIRUPDQ IiFLOPHQWH \ SUHVHQWDQ YDORUHV GH
HVWDELOLGDG VXSHULRUHV D ODV PH]FODV DVIiOWLFDV
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FRQYHQFLRQDOHV HQFXDQWRDOPyGXORGLQiPLFR
QLQJXQDPH]FODVXSHUDORV03DD&
TXHH[LJHQODVHVSHFL¿FDFLRQHVGHO,19,$6\GHO
,'8 VLQ HPEDUJR WRPDQGRFRPR UHIHUHQFLD OD
WHPSHUDWXUDPHGLDDQXDOSRQGHUDGDGH7XQMD
&XQDGHODVPH]FODVDOFDQ]D03D
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I. INTRODUCCIÓN
(QORV~OWLPRVDxRVVHKDSUHVHQWDGRXQDWHQGHQFLD
GHDXPHQWRHQHO WUDQVSRUWHGHFDUJDHQHOSDtV
>@DGHPiVFRQODHQWUDGDHQYLJHQFLDGHQXHYRV
WUDWDGRVLQWHUQDFLRQDOHVTXHVRQJHQHUDGRUHVGH
FRPHUFLR \ GHVDUUROOR HFRQyPLFR HV QHFHVDULR
SURYHHU LQIUDHVWUXFWXUDYLDOTXHRIUH]FDFDOLGDG
VHJXULGDG\FRPRGLGDG\TXHFXPSODFRQVXYLGD
~WLOGHGLVHxR$WUDYpVGHQXHYDVLQYHVWLJDFLRQHV
>@VHKDQEXVFDGRPH]FODVFDSDFHVGHPHMRUDU
ODV SURSLHGDGHV PHFiQLFDV \ TXtPLFDV GH ODV
PH]FODV DVIiOWLFDV FRQYHQFLRQDOHV SDUD HOOR VH
KDQHPSOHDGRDGLWLYRVPRGL¿FDGRUHVGH DVIDOWR
TXHPHMRUDQSURSLHGDGHVFRPRODUHVLVWHQFLDDOD
GHIRUPDFLyQ\ HO FRPSRUWDPLHQWR D OD IDWLJD \
DGHPiVGLVPLQX\HQ ODVXVFHSWLELOLGDG WpUPLFD\
DXPHQWDQHOPyGXORGLQiPLFR>@
8QRGHORVDVIDOWRVPRGL¿FDGRVHQ&RORPELDHV
HOWLSR9TXHVHHPSOHDSDUDIDEULFDUPH]FODVGH
DOWRPyGXORGHDFXHUGRFRQODVHVSHFL¿FDFLRQHV
GHO,QVWLWXWR1DFLRQDOGH9tDV±,19,$6±
\GHO LQVWLWXWRGH'HVDUUROOR8UEDQRGH%RJRWi
±,'8±  >@ HVSHFt¿FDPHQWH FXDQGR ODV
VROLFLWDFLRQHV GHO WUiQVLWR FRUUHVSRQGHQ DO QLYHO
17 PH]FODV TXH VH FDUDFWHUL]DQ SRU WHQHU
XQYDORUPtQLPRGH03DHQ VXPyGXOR
GLQiPLFR D XQD WHPSHUDWXUD GH YHLQWH JUDGRV
&HOVLXV\DXQDIUHFXHQFLDGH+HUW]>@
(O SUHVHQWH HVWXGLR WLHQH FRPR ¿Q DQDOL]DU OD
IDFWLELOLGDG GH HVWH WLSR GHPH]FODV HPSOHDQGR
DJUHJDGRV SpWUHRV GHO iUHD GH LQÀXHQFLD GH
7XQMD \ DVIDOWRPRGL¿FDGR WLSR9 SDUD WDO ¿Q
VHFDUDFWHUL]DQ ORVPDWHULDOHV\SRVWHULRUPHQWH
PHGLDQWHODVPHWRGRORJtDV0DUVKDOO\5DPFRGHV
VH GHWHUPLQD HO FRQWHQLGR ySWLPR GH DVIDOWR
GH HVWD PDQHUD VH HODERUDQ ODV PH]FODV SDUD
HQFRQWUDU DVt HO PyGXOR GLQiPLFR PHGLDQWH HO
HTXLSRNottingham Asphalt Tester±1$7±
II. MATERIALES Y METODOLOGÍAS
A. Materiales 
3DUDHODERUDUXQDPH]FODDVIiOWLFDTXHFXPSODFRQ
ORVUHTXLVLWRVGHFDOLGDGGHODVHVSHFL¿FDFLRQHVVH
UHTXLHUHFRQRFHUODQDWXUDOH]D\ODVSURSLHGDGHV
GH ORV DJUHJDGRV \ GHO DVIDOWR TXH VH YD D
HPSOHDU 3RU HOOR VH UHDOL]DURQ ORV HQVD\RV
GH FDUDFWHUL]DFLyQ D ORV DJUHJDGRV JUXHVRV \
¿QRV SURYHQLHQWHV GH GRV FDQWHUDV ORFDOL]DGDV
HQ HO iUHD GH LQÀXHQFLD GH 7XQMD \ DO DVIDOWR
PRGL¿FDGR WLSR9GH GRV SODQWDV DVIiOWLFDV/D
SULPHUDFDQWHUDHVSanta Lucía)LJORFDOL]DGD
DNPGHOPXQLFLSLRGH&XFDLWDYtDD9LOODGH
/H\YD %R\DFi \ OD VHJXQGD FRUUHVSRQGH D
ColconcretosXELFDGDYtDDOPXQLFLSLRGH7RFD
%R\DFi)LJ(QHO&XDGURVHSUHVHQWDQODV
SULQFLSDOHVFDUDFWHUtVWLFDVGHORVDJUHJDGRVGHODV
GRVFDQWHUDVGHWHUPLQDGDVDSDUWLUGHORVHQVD\RV
GHODERUDWRULRFRUUHVSRQGLHQWHV
Fig. 1. Agregado de la cantera Santa Lucía
Fig. 2. Agregados de la cantera Colconcretos
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CUADRO 1
CARACTERIZACIÓN DE LOS AGREGADOS EMPLEADOS
Propiedad del 
agregado
Norma 
de ensayo
Resultados de la cante-
ra Santa Lucía
Resultados de la can-
tera Colconcretos
Valor 
norma 
INVIAS
Valor nor-
ma IDU
'HVJDVWHGHORV
iQJHOHV
,19
(   Pi[ Pi[
3pUGLGDVHQ
ensayo de soli-
GH]6XOIDWRGH
6RGLR
,19
(
)LQR  )LQR 
Pi[ 1RDSOLFD
Grueso  Grueso 
3DUWtFXODVIUDF-
WXUDGDVFDUDV
,19
(   PtQ PtQ
Índice de 
DODUJDPLHQWR
,19
(   Pi[
Índice de 
DSODQDPLHQWR
,19
(   Pi[
*UDYHGDGHVSH-
Ft¿FD\DEVRU-
FLyQGHORVDJUH-
JDGRV¿QRV
,19
(
*VE  *VE 
*VEVVV  *VEVVV 
Gsa  Gsa 
$EVRU-
ción
 $EVRU-
ción 

*UDYHGDGHVSH-
Ft¿FD\DEVRU-
FLyQGHORVDJUH-
JDGRVJUXHVRV
,19
(
*VE  *VE 
*VEVVV  *VEVVV 
Gsa  Gsa 
$EVRU-
ción
 $EVRU-
ción 

/tPLWHOtTXLGR ,19(   13 13
/tPLWHSOiVWLFR ,19( 13 13 13 13
ËQGLFHSOiVWLFR ,19( 13 13 13 13
(TXLYDOHQWHGH
arena
,19
(   PtQ PtQ
&RQWHQLGRGH
LPSXUH]DV
,19
(   Pi[ 1$
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CUADRO 2
FRANJA GRANULOMÉTRICA PARA MEZCLAS DE ALTO MÓDULO
Franja granulométrica
7DPL] ´ ´ ´ ´ 1 1 1 1 1
$OWR0yGXOR,19,$6         
$OWR0yGXOR,'8         
'HELGR D TXH HVWD HV OD SULPHUD LQYHVWLJDFLyQ
FRQ HVWH WLSR GH PH]FODV HQ OD 8SWF SDUD HO
GLVHxRGHODVPH]FODVVHWXYRHQFXHQWDODIUDQMD
JUDQXORPpWULFDFHQWUDOGDGDHQODHVSHFL¿FDFLyQ
GHO ,19Ë$6 GH¿QLGD SDUD ODV PH]FODV GH DOWR
PyGXOR ORV UDQJRV GH ODV HVSHFL¿FDFLRQHV VH
PXHVWUDQHQHO&XDGUR
(ODVIDOWRPRGL¿FDGRWLSR9IXHVXPLQLVWUDGRSRU
ODVSODQWDV03,GHOPXQLFLSLRGH%DUUDQFDEHUPHMD
6DQWDQGHU \ SRU OD SODQWD ,QFR$VIDOWRV GHO
PXQLFLSLR GH &KtD &XQGLQDPDUFD /DV
SULQFLSDOHVFDUDFWHUtVWLFDVGHODVIDOWRPRGL¿FDGR
WLSR9VHSUHVHQWDQHQHO&XDGUR
CUADRO 3
CARACTERÍSTICAS DEL ASFALTO MODIFICADO TIPO V EMPLEADO
Propiedad Norma
Resultado In-
coasfaltos
Resultado 
MPI
Valor norma
3HQHWUDFLyQPP ,19(   0i[ 0tQ 
*UDYHGDGHVSHFt¿FDGHPDWHULDOHV
ELWXPLQRVRVVyOLGRV\VHPLVyOLGRV ,19(   -
3XQWRGHLJQLFLyQPHGLDQWHODFRSDDELHUWD
GH&OHYHODQG& ,19(   PtQ
3XQWRGHDEODQGDPLHQWRDQLOOR\EROD& ,19(   PtQ
B. Metodologías 
/DVPHWRGRORJtDVGHGLVHxRGHPH]FODVDVIiOWLFDV
XWLOL]DGDV IXHURQ 0DUVKDOO \ 5DPFRGHV /D
PHWRGRORJtD 0DUVKDOO VH EDVD HQ HO DQiOLVLV
GH YDFtRV GH OD PH]FOD OD HVWDELOLGDG HO SHVR
HVSHFt¿FR EXON \ HO ÀXMR SDUD GHWHUPLQDU HO
SRUFHQWDMH ySWLPR GH DVIDOWR \ HO SRUFHQWDMH
GH DJUHJDGR TXH VH GHEH LQFOXLU HQ OD PH]FOD
FRQ OD ¿QDOLGDG GH GDU FXPSOLPLHQWR D ODV
HVSHFL¿FDFLRQHV /D PHWRGRORJtD 5DPFRGHV
5DFLRQDO SDUD HO $QiOLVLV GH 'HQVL¿FDFLyQ \
5HVLVWHQFLD GH *HRPDWHULDOHV &RPSDFWDGRV VH
IXQGDPHQWDHQFRQRFLPLHQWRVGHHVWDGtVWLFDSDUD
UHDOL]DUHODQiOLVLVGHH[SHULPHQWRVSDUDHOGLVHxR
\HOFRQWUROGHFRPSDFWDFLyQHVSHFt¿FDPHQWHHQ
XQH[SHULPHQWRIDFWRULDOGHGRVIDFWRUHVRQLYHOHV
±HQHVWHFDVRHOFRQWHQLGRGHDVIDOWR3E\HO
SHVRHVSHFt¿FREXON*PE±EDViQGRVHWDPELpQ
HQ OD PHWRGRORJtD 0DUVKDOO SDUD HOOR VH EDVD
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HQ XQ SROtJRQR GH YDFtRV TXH EiVLFDPHQWH HV
XQ iUHD GRQGH VH FXPSOHQ ODV HVSHFL¿FDFLRQHV
GH YDFtRV FRQ DLUH FRQ DJUHJDGRV PLQHUDOHV \
OOHQRV GH DVIDOWR HVWRV SRUFHQWDMHV GH YDFtRV
VH UHSUHVHQWDQ HQ PDSDV FRPR LVROtQHDV SDUD
ORV UDQJRVSHUPLWLGRV OD LQWHUVHFFLyQGHGLFKDV
LVROtQHDV GH¿QHQ HO iUHD FX\R SXQWR FHQWUDO
GHWHUPLQDHOYDORUGHSRUFHQWDMHySWLPRGHDVIDOWR
\VXFRUUHVSRQGLHQWHGHQVLGDGEXON>@
/DVHFXDFLRQHV\SHUPLWHQGHWHUPLQDU
ODVLVROtQHDVTXHGHOLPLWDQHOSROtJRQRGHYDFtRV
     
    
   
'RQGH*PEHVHOSHVRHVSHFt¿FREXONGHODPH]FODDVIiOWLFD FRPSDFWDGD *
se
 HV HO SHVR HVSHFt¿FR
HIHFWLYRGHORVDJUHJDGRV*EHVHOSHVRHVSHFt¿FRGHO DVIDOWR*VE HV HO SHVR HVSHFt¿FREXONGH ODFRPELQDFLyQ GH DJUHJDGRV 3E HV HO SRUFHQWDMHGHDVIDOWR9DHVHOSRUFHQWDMHGHYROXPHQGH
YDFtRVFRQDLUHFRQUHVSHFWRDOYROXPHQWRWDOGH
ODSUREHWD9$0HVHOSRUFHQWDMHGHYDFtRVHQ
ORVDJUHJDGRVPLQHUDOHVHQODPH]FODFRPSDFWD
\ 9)$ HV HO SRUFHQWDMH GH YDFtRV OOHQRV GH
DVIDOWR /XHJR VH GHWHUPLQD HO YDORU SURPHGLR
GHSRUFHQWDMHGHDVIDOWR3ESURP\GHORVSHVRV
HVSHFt¿FRV EXON GH ODPH]FOD *PESURP TXH
UHSUHVHQWDUiQ ODV FRRUGHQDGDV GHO FHQWURLGH GHO
SROtJRQRSDUDGHWHUPLQDUORVVHHPSOHDQ\
    
    
'RQGH 3E HV HO SRUFHQWDMH GH DVIDOWR GH FDGDYpUWLFH'HFLPDO*PEHVHOSHVRHVSHFt¿FREXONGHODPXHVWUDGHFDGDYpUWLFH\QHVHOQ~PHURGH
YpUWLFHV
3RU RWUD SDUWH HO PpWRGR SURSXHVWR SDUD
GHWHUPLQDU HO PyGXOR GLQiPLFR HV HO HQVD\R
GH WUDFFLyQ LQGLUHFWD UHDOL]DGR HQ HO HTXLSR
Nottingham Asphalt Tester ±1$7± HQ HVWH
HQVD\R OD DSOLFDFLyQ GH FDUJDV GH FRPSUHVLyQ
VHUHDOL]DFRQXQGLVSRVLWLYRTXHGDODIRUPDGH
RQGD OD FDUJD HV DSOLFDGD YHUWLFDOPHQWH HQ XQ
SODQRGLDPHWUDODXQDSUREHWDGHPH]FODDVIiOWLFD
OD GHIRUPDFLyQ KRUL]RQWDO UHVXOWDQWH VHPLGH \
MXQWR FRQ OD UHODFLyQGH3RLVVRQTXH VH DVXPH
VH FDOFXOD HOPyGXOR UHVLOLHQWH (Q OD )LJ  VH
SUHVHQWDHOHTXLSRHPSOHDGR
Fig. 3. Equipo Nottingham Asphalt Tester NAT
C. Diseño experimental
(O GLVHxR H[SHULPHQWDO VH EDVy HQ XQ GLVHxR
IDFWRULDO GH WLSR [ TXH GD FRPR UHVXOWDGR
XQ WRWDO GH  H[SHULPHQWRV /RV IDFWRUHV TXH
FRPSRQHQ HO GLVHxR H[SHULPHQWDO VRQ ODV
YDULDEOHV GH DJUHJDGRV \ HO DVIDOWR HV GHFLU
YDULDEOHV FXDOLWDWLYDV (Q OD )LJ  se muestran 
ORV H[SHULPHQWRV UHDOL]DGRV SDUD GLVHxDU ODV
PH]FODV(QWRWDOVHIDEULFDURQEULTXHWDVSDUD
ODPpWRGRORJtD0DUVKDOO\SDUDODPpWRGRORJtD
5DPFRGHV
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7RGDV ODV PH]FODV VRQ HODERUDGDV FRQ ORV
DJUHJDGRVDMXVWDGRVDODIUDQMDFHQWUDOGDGDHQODV
HVSHFL¿FDFLRQHVFRQXQDJUDGDFLyQGHGH
DJUHJDGRJUXHVR\GHDJUHJDGR¿QR/DV
EULTXHWDVHODERUDGDVVHSUHVHQWDQHQOD)LJ
 
Fig. 5. %ULTXHWDVHODERUDGDVSRUODPHWRGRORJtD
Marshall
'H DFXHUGR FRQ ODV HVSHFL¿FDFLRQHV HO HQVD\R
GH PyGXOR GLQiPLFR VH GHEH UHDOL]DU D WUHV
WHPSHUDWXUDV TXH SDUD HVWH FDVR IXHURQ GH 
&  &\ & \ FRQXQD IUHFXHQFLD GH
+HUW]>@$GHPiVSRUFDGDWHPSHUDWXUDVHGHEH
UHDOL]DU HO HQVD\R GRV YHFHV HO SULPHUR HQ OD
SRVLFLyQ LQLFLDO HQTXH VHGHMy\HO VHJXQGRDO
JLUDU ODEULTXHWDXQiQJXORGH3RU OR WDQWR
VHIDEULFDURQEULTXHWDVSDUDHVWHHQVD\R$QWHV
GHVHUHQVD\DGDVODVEULTXHWDVIXHURQOOHYDGDVD
OD FiPDUD GH WHPSHUDWXUD GHO1$7GXUDQWH GRV
KRUDVDSUR[LPDGDPHQWHSDUDTXHDOFDQ]DUDQOD
WHPSHUDWXUDDGHFXDGDGHHQVD\R
III. RESULTADOS
A. Resultados obtenidos por las metodologías 
Marshall y Ramcodes
(Q HO &XDGUR  VH PXHVWUDQ ORV UHVXOWDGRV
REWHQLGRV GH OD DSOLFDFLyQ GH ODV PHWRGRORJtDV
0DUVKDOO \ 5DPFRGHV HVSHFL¿FDPHQWH ORV
SRUFHQWDMHV ySWLPRV GH DVIDOWR ODV SURSLHGDGHV
YROXPpWULFDVODHVWDELOLGDG\HOÀXMRGHODVFXDWUR
PH]FODV
 Fig. 4. 9DULDEOHVFXDOLWDWLYDVHQHOGLVHxRGHODVPH]FODVDVIiOWLFDV
CUADRO 4
COMPARACIÓN DE RESULTADOS POR MARSHALL Y RAMCODES
Parámetro 
Mezcla SM Mezcla SI Mezcla CM Mezcla CI
Marshall RAM Marshall RAM Marshall RAM Marshall RAM
3E        
*PEJFP        
9D        
9$0        
9)$        
(VWDELOLGDGNJ        
)OXMRPP        
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CUADRO 5
RESULTADOS OBTENIDOS DE LAS MEZCLAS PARA MÓDULO DINÁMICO
Parámetro
MAM IN-
VIAS 2007
MAM IDU 
2005
Mezcla SM Mezcla SI Mezcla CM Mezcla CI
3E    
*PEJFP    
9D      
9$0      
9)$      
(VWDELOLGDGPtQLPDNJ      
)OXMRPP      
5HODFLyQOOHQDQWHPLQH-
UDODVIDOWRHIHFWLYRHQ
SHVR
     
(QOD)LJVHPXHVWUDQORVSROtJRQRVGHYDFtRVFRUUHVSRQGLHQWHVDODVFXDWURPH]FODV\ORVSXQWRV
LQGLFDQHOSRUFHQWDMHySWLPRREWHQLGRSRUPHGLRGHODPHWRGRORJtD0DUVKDOO
Fig. 6. 3ROtJRQRGHYDFtRVSDUDFDGDXQDGHODVPH]FODV
B. Resultados obtenidos de las mezclas realizadas 
para el ensayo de módulo dinámico
$SDUWLUGHORVSRUFHQWDMHVySWLPRVGHWHUPLQDGRV
HQ OD PHWRGRORJtD 0DUVKDOO VH IDEULFDURQ
ODV  EULTXHWDV \ FRQ EDVH HQ ORV HQVD\RV
FRUUHVSRQGLHQWHVVHREWXYLHURQORVUHVXOWDGRVTXH
VHPXHVWUDQHQHO&XDGUR
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(O&XDGURPXHVWUDTXHORVSRUFHQWDMHVySWLPRV
GH DVIDOWR SRU ODV GRVPHWRGRORJtDV YDUtDQ SRU
PHGLRGHOHQVD\R0DUVKDOOQRVHHVWiQDMXVWDQGR
DORVUDQJRVGHODVHVSHFL¿FDFLRQHVPLHQWUDVTXH
HQ 5DPFRGHV HO SROtJRQR GH YDFtRV UHDOL]D HO
DMXVWHSDUDTXHHOFRQWHQLGRGHDVIDOWRVDWLVIDJD
WRGDVODVHVSHFL¿FDFLRQHV'HELGRDTXHODQRUPD
GHHQVD\RGHPyGXORVGLQiPLFRVUHFRPLHQGDOD
HODERUDFLyQGH ODVEULTXHWDVSRU ODPHWRGRORJtD
0DUVKDOOVHWRPDURQHVWRVSRUFHQWDMHVFRPRORV
ySWLPRV
&RPRVHPXHVWUDHQHO&XDGURVHREWXYLHURQ
GDWRV GH HVWDELOLGDG \ ÀXMR FRQ OD IUDQMD
JUDQXORPpWULFD DMXVWDGD ORV YDORUHV GH ÀXMR
QR VHDMXVWDURQDO UDQJRGHDPLOtPHWURV\
QR VH SRGtD UHGXFLU D~Q PiV HO FRQWHQLGR GH
OOHQDQWHPLQHUDOSXHVWRTXHVHVDOGUtDGHODIUDQMD
JUDQXORPpWULFDHVWDEOHFLGDSDUDPH]FODVGHDOWR
PyGXOR SRU OR WDQWR VH UHDOL]DURQ ODVPH]FODV
SDUDPyGXORV FRQ HVWRV FRQWHQLGRV ySWLPRV GH
DVIDOWR3RURWUDSDUWHODHVWDELOLGDGDXPHQWyDO
UHGXFLUODFDQWLGDGGH¿OOHUHQODVFXDWURPH]FODV
\ VHDOFDQ]yXQYDORUPi[LPRGHNJFRQ
ODPH]FOD60YDORUTXHVXSHUDHOPtQLPRGHOD
HVSHFL¿FDFLyQGHNJ
C. Resultados del ensayo de módulo dinámico 
/RV GDWRV REWHQLGRV GHO HQVD\R GH PyGXORV
GLQiPLFRVSDUDPH]FODV DVIiOWLFDV UHDOL]DGRSRU
PHGLR GHO HTXLSR 1$7 Nottingham Asphalt 
TesterVHPXHVWUDQHQHO&XDGUR
CUADRO 6
RESULTADOS DEL ENSAYO DE MÓDULO DINÁMICO MEDIANTE EL NAT
Temperatura 
(°C)
Posición de la briqueta 
(°)
Módulo dinámico en MPa para cada mezcla
SM SI CM CI

    
    
3URPHGLR 15371 11092 18600 15772

    
    
3URPHGLR 5840 5898 6684 4688

    
    
3URPHGLR 1681 1043 1207 971
/RV PyGXORV GLQiPLFRV REWHQLGRV HQ ODV GRV
SRVLFLRQHVGHODVEULTXHWDVVRQYDORUHVFHUFDQRV
6HSUHVHQWDXQDUHODFLyQLQYHUVDHQWUHORVPyGXORV
\ OD WHPSHUDWXUD GH HQVD\R D PHGLGD TXH VH
DXPHQWDODWHPSHUDWXUDORVUHVXOWDGRVGHPyGXORV
GLVPLQX\HQ HV GHFLU D PD\RU WHPSHUDWXUD ODV
PH]FODVWLHQHQPHQRUUHVLVWHQFLD
(Q OD )LJ  VH PXHVWUDQ DOJXQDV LPiJHQHV
FRUUHVSRQGLHQWHVDOHQVD\RGHPyGXORGLQiPLFR
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7HQLHQGR HQ FXHQWD TXH OD UHJLyQ HQ OD FXDO
VH HVWi WUDEDMDQGR HV OD GH 7XQMD \ WRPDQGR
FRPR UHIHUHQFLD TXH VH WLHQH XQD WHPSHUDWXUD
PHGLD DQXDO SRQGHUDGD GH  & VH UHDOL]y OD
YHUL¿FDFLyQGHORVYDORUHVGHPyGXORVGLQiPLFRV
TXHVHREWHQGUtDQFRQHVWDWHPSHUDWXUD
(QOD)LJVHPXHVWUDHVWDYHUL¿FDFLyQHQHOOD
VH REVHUYD TXH OD ~QLFDPH]FOD TXH VXSHUD ORV
Fig. 7. (QVD\RGHPyGXORGLQiPLFR
(QOD)LJVHPXHVWUDQORVUHVXOWDGRVREWHQLGRV
GH ORV PyGXORV GLQiPLFRV SDUD FDGD XQD GH
ODVPH]FODV HQ ODV FXDOHV VH VHxDOD DGHPiV HO
FRPSRUWDPLHQWRFRQODYDULDFLyQGHODWHPSHUDWXUD
GHHQVD\RDHVWDVFXUYDVVHOHVGHQRPLQDFXUYDV
PDHVWUDVGHPyGXORVGLQiPLFRVODVFXDOHVSXHGHQ
VHU FRPSOHPHQWDGDV FRQ HQVD\RV UHDOL]DGRV D
GLIHUHQWHVIUHFXHQFLDVSHURSDUDHVWHSUR\HFWRVH
HPSOHyVRODPHQWHODIUHFXHQFLDGH+HUW]
Fig. 8.&RPSRUWDPLHQWRGHOPyGXORGLQiPLFRFRQUHVSHFWRDODWHPSHUDWXUD
 03D FRPR YDORU GH PyGXOR GLQiPLFR
IXH OD PH]FOD &0 UHDOL]DGD FRQ DJUHJDGR GH
&ROFRQFUHWRV \ FHPHQWR DVIiOWLFR GH03, HVWD
PH]FOD DOFDQ]y  03D VLQ HPEDUJR ODV
RWUDV WUHV PH]FODV DXQTXH WLHQHQ VXV YDORUHV
FHUFDQRVDOGHODHVSHFL¿FDFLyQQRVRQPD\RUHV
VHREWXYRXQYDORUGH03DFRQODPH]FOD
&,03DFRQODPH]FOD6,\03DFRQ
ODPH]FOD60
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CUADRO 7
COMPARACIÓN DE LOS MÓDULOS A 20 ºC Y A 13 ºC
Mezcla
0yGXORGLQiPLFRSRUJUi¿FDV
a 13 &03D
Módulo dinámico por NAT
a 20 &03D
60  
6,  
&0  
&,  
Mediante datos tomados en la estación 
FOLPDWROyJLFDGHOD837&VHWLHQHUHJLVWUDGRTXH
HOPHVPiV FDOLHQWH GHO DxR HVPDU]R FRQXQD
WHPSHUDWXUDGH&SRU OR WDQWRHOPyGXOR
GLQiPLFRSDUDFDGDXQDGHODVPH]FODVHVPHQRU
FRQUHVSHFWRDOFDOFXODGRFRQOD WHPSHUDWXUDGH
&
'HDFXHUGRFRQODVHVSHFL¿FDFLRQHVGHO,19Ë$6
VHJ~QHODUWtFXORVHFRQVLGHUDQPH]FODVGH
DOWRPyGXORVLpVWDVVXSHUDQHOYDORUGHOPyGXOR
GLiPLFRD03DVLQHPEDUJRSDUD&GH
WHPSHUDWXUDQLQJXQDPH]FODDOFDQ]yDVREUHSDVDU
HOUDQJRGHODHVSHFL¿FDFLyQHOPi[LPRYDORUGH
PyGXORSDUDHVWDWHPSHUDWXUDORREWXYRODPH]FOD
&0\IXHGH03DFRPRVHSUHVHQWDHQHO
&XDGUR
IV. CONCLUSIONES
0HGLDQWH OD UHDOL]DFLyQ GH ORV HQVD\RV GH
ODERUDWRULR UHDOL]DGRV D ORV DJUHJDGRV VH
HQFRQWUy TXH HO DJUHJDGR JUXHVR GH OD FDQWHUD
6DQWD /XFtD QR FXPSOH FRQ OD UHVLVWHQFLD DO
GHVJDVWHGHWHUPLQDGDSRUPHGLRGHODPiTXLQDGH
ORViQJHOHVHO UHVXOWDGRVHxDODTXHHODJUHJDGR
WLHQH XQ  PiV TXH HO YDORU H[LJLGR SRU
ODV HVSHFL¿FDFLRQHV ,19Ë$6 H ,'8 SDUD HVWD
SURSLHGDGHQODVFXDOHVVHFRQVLGHUDXQPi[LPR
GHGHGHVJDVWHSDUDXQQLYHOGHWUiQVLWR
(ODVIDOWRPRGL¿FDGR7LSR9VXPLQLVWUDGRSRUODV
SODQWDV,QFRDVIDOWRV\03,FXPSOHFRQORVFULWHULRV
HVWDEOHFLGRVHQODVQRUPDVGHO,19Ë$6\GHO,'8
\VHFDUDFWHUL]DURQSRUWHQHUXQDFRQVLVWHQFLDPiV
GXUDTXHXQDVIDOWRFRQYHQFLRQDOHVWRVHYHUL¿Fy
SRUPHGLRGHOHQVD\RGHSHQHWUDFLyQHQHOFXDO
VHREWXYRTXHODSHQHWUDFLyQSURPHGLRGHODVIDOWR
PRGL¿FDGRWLSR9GHODVGRVSODQWDVDVIiOWLFDVHV
GHPLOtPHWURV
(OÀXMRSDUDXQDPH]FODDVIiOWLFDGHDOWRPyGXOR
GHEH HVWDU HQWUH  \  PLOtPHWURV VHJ~Q OR
HVWDEOHFLGRHQODVHVSHFL¿FDFLRQHVGHO,19Ë$6H
,'8SRUORWDQWRVHSXHGHFRQFOXLUTXHQLQJXQD
GHODVFXDWURPH]FODVGLVHxDGDVWLHQHQHOYDORUGH
ÀXMRDGHFXDGR ORTXH VXJLHUHTXH VRQPH]FODV
TXHWLHQGHQDGHIRUPDUVHIiFLOPHQWHEDMRFDUJDV
GHOWUiQVLWRSRUVHUPH]FODVSOiVWLFDVDGHPiVVH
SXHGHQSURGXFLUGDxRVHQODFDSDDVIiOWLFDFRPR
HODKXHOODPLHQWR
$ WUDYpV GH OD PHWRGRORJtD 0DUVKDOO VH
HQFRQWUDURQ ODV VLJXLHQWHV IyUPXODV GH WUDEDMR
SDUDODPH]FOD60GHDVIDOWR\GH
DJUHJDGRSDUDOD6,GHDVIDOWR\
GH DJUHJDGR SDUD OD &0  GH DVIDOWR \
 GH DJUHJDGR \ SDUD OD &,  GH
DVIDOWR \  GH DJUHJDGR /R DQWHULRU VH
REWXYR GLVPLQX\HQGR HO SRUFHQWDMH GH OOHQDQWH
PLQHUDO D OD JUDGDFLyQ GH OD IUDQMD FHQWUDO VLQ
HPEDUJR HO YDORU GHOÀXMR HV VXSHULRU D PP
SDUDWRGDVODVPH]FODV(QFXDQWRDODHVWDELOLGDG
WRGDVODVPH]FODVVXSHUDQORVORVNJTXHHV
HOYDORUHVWDEOHFLGRHQODVQRUPDV
7HQLHQGRHQFXHQWDTXHHO WUDEDMR VHGHVDUUROOy
FRQ PDWHULDOHV JUDQXORPpWULFRV GHO iUHD GH
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LQÀXHQFLD GH OD FLXGDG GH 7XQMD GRQGH OD
WHPSHUDWXUDPHGLDDQXDOSRQGHUDGD 70$3HV
GH&VHUHFRPLHQGDXVDUODPH]FODFRPSXHVWD
SRUORVDJUHJDGRVGH&ROFRQFUHWRV\HODVIDOWRGH
03, &0SDUD HVWD ]RQD GDGRTXH HOPyGXOR
GLQiPLFRREWHQLGRIXHGH03DVXSHUDQGR
ORV03DH[LJLGRVSRUODVHVSHFL¿FDFLRQHV
GHO,19Ë$6H,'8SDUDXQQLYHOGHWUiQVLWR17
0HGLDQWH OD UHDOL]DFLyQ GHO HQVD\R GH PyGXOR
GLQiPLFRHQHOHTXLSR1$7VHGHWHUPLQyTXHQR
HVIDFWLEOHREWHQHUPH]FODVGHDOWRPyGXORFRQORV
DJUHJDGRVGH ODV FDQWHUDV&ROFRQFUHWRV\6DQWD
/XFtDFRQ ODJUDGDFLyQHOHJLGDGDGRTXHDXQD
WHPSHUDWXUDGHHQVD\RGH &HOPD\RUYDORU
HQFRQWUDGRHVGH03DHOFXDOHVLQIHULRUDO
HVWDEOHFLGRHQODVQRUPDV
6H UHFRPLHQGD UHDOL]DU PiV LQYHVWLJDFLRQHV
DFHUFDGH ODVPH]FODV DVIiOWLFDVGHDOWRPyGXOR
FRQ PDWHULDOHV JUDQXORPpWULFRV GHO iUHD GH
LQÀXHQFLDGHODFLXGDGGH7XQMD\DVHDYDULDQGR
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